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(54) Polylactic acid-based degradable foams and process for their production 
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(57) Degradable foamed lactic acid (co)polymer 
products, such as trays and containers in general, are 
produced by the extrusion of the (co)polymers in the 



presence of a foaming agent selected from nitrogen, 
carbon dioxide and mixtures thereof, at a temperature 
within the range of T m + 10°C and T m -30°C, where T m 
is the melting temperature of the (co)polymer. 
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Description 

[0001] The present invention relates to degradable 
polylactic acid (PLA) based foams and to a process for 
their production. 5 
[0002] More particularly, the invention relates to prod- 
ucts obtained by foaming polymers or co-polymers of 
lactic acid (PLA), such as sheets, trays, containers in 
general, cups and the like, used for packaging in general 
and in particular for food packaging, as well as to their 10 
production by means of an innovative process. 
[0003] The above mentioned containers, particularly 
cups and trays, are largely used in everyday/life; they 
are usually made of foamed plastics, whereby light prod- 
ucts are obtained, having very good mechanical char- 15 
acteristics, which are equivalent to or better than those 
of the non-foamed containers, despite having lower 
weight and thus using a smaller amount of raw material. 
[0004] These containers have some drawbacks. Due 
to the very large use thereof, and in view of the high 20 
volume to weight ratio, a solution for the disposal of used 
containers, which are not as easily recyclable as other 
types of plastics products such as bottles and contain- 
ers, must be urgently found. 

[0005] In order to solve the disposal problem of the 25 
containers, it was suggested to replace the plastics ma- 
terials currently used for producing foamed containers, 
with lactic acid polymers; indeed, depending on the con- 
ditions, products based on polylactic acid (PLA) de- 
grade in a substantially complete manner, into C0 2 and 30 
water, within a time of few weeks to about a year 
[0006] Furthermore, containers made of foamed plas- 
tic materials are not suited as such for some applica- 
tions: e.g. the trays used for meat should absorb the ex- 
uded liquids to prevent meat from sitting in the exuded 35 
liquids. Accordingly, trays made of foamed polystyrene, 
which are laminated to have an inner layer of absorbent 
cellulose, not visible from the outside, sandwiched be- 
tween two layers of polystyrene have been proposed; 
in addition, the inner layer of polystyrene is perforated *o 
in order to allow the passage of liquids into the cellulose 
layer. 

[0007] EP1 329299 describes the use of specific fill- 
ers, including glass microspheres, to have an "open" 
polystyrene structure and to allow the exuded liquid to 45 
penetrate into the interstitial spaces of the tray shaped 
foamed product; this technique however requires the 
use of surfactant products in order to make hydrophilic 
the surface of the tray, which is in itself normally hydro- 
phobic, and allow the exuded liquid to reach the inside so 
of the laminate or penetrate into the cavities of the 
foamed product. These solutions have therefore shown 
themselves to be expensive. Furthermore, the presence 
of organic liquids within the structures of the containers 
following their use, makes their recycling difficult. 55 
[0008] Rigid and non-foamed PLA based containers, 
mainly used as containers for fruit and vegetables, are 
known. These containers are however more expensive 



than those traditionally used. 

[0009] EP-B-0507554 describes a manufacturing 
process for polymers of lactic acid or copolymers of lac- 
tic acid and hydroxycarboxylic acids. The polymerisa- 
tion of the lactic acid occurs, for example, through the 
opening of the lactide ring in the presence of catalysts. 
The polymers are extrusion foamed, using chemical 
foaming agents such as azodicarbonamide, azobi- 
sisobutyronitrile and the like. Evaporation foaming 
agents, selected from hydrocarbons and halogenated 
hydrocarbons such as butane, chloroform and chlo- 
rofluorohydrocarbons are also disclosed. This tech- 
nique has the drawbacks of requiring the use of foaming 
gases deriving from chemical substances which decom- 
pose during the extrusion process or of a gas foaming 
by evaporation such as hydrocarbons or chlorofluoro- 
hydrocarbons, i.e. obtaiped from non-renewable sourc- 
es. 

[0010] EP-B-0510999 describes a PLA based poly- 
mer which, according to the patent, can be foamed into 
an open cell sheet if it is mixed with plasticisers and the 
extruded sheet is stretched after its extrusion. The re- 
sulting product is however poorly suitable to be used as 
a food container because it does not have the required 
physical and mechanical characteristics. In fact, it is 
suggested for use as an absorbing medium for oil and 
for exuded liquids, such as a filter in ventilation systems, 
and as a wrapping around the roots of plants. Accord- 
ingly, said invention relates to a "polymer network" and 
hence not to a "foam" having a cell structure capable of 
maintaining the mechanical performances sufficient to 
make a container such as a food tray. 
[001 1 ] It is an aim of the present invention to solve the 
above mentioned drawbacks and obtain foamed sheets 
of lactic acid (co)polymers with good physical and me- 
chanical characteristics. 

[0012] Another aim of the invention is to provide a 
manufacturing process for foamed sheets which is sim- 
ple, reliable, economical and environmentally friendly. A 
further aim is to make PLA or lactic acid co-polymers 
food containers having performances close to or match- 
ing those of the known containers made of foamed plas- 
tics, and in particular which have good resistance to me- 
chanical deformation during storage and packaging. 
[0013] Such aims are achieved by means of the 
present invention which relates to a manufacturing proc- 
ess for foamed lactic acid (co)polymers by extrusion in 
the presence of a foaming agent, characterised in that 
said foaming agent is selected from nitrogen and carbon 
dioxide, and mixtures thereof. 
[0014] According to one aspect of the invention, the 
process envisages heating said lactic acid (co)polymers 
to a temperature sufficient for their melting, feeding and 
mixing said foaming agents with the molten (co)polymer, 
cooling the foaming agent and (co)polymer mixture to a 
temperature within the range of T m +10°C and T m -30°C, 
wherein T m is the melting temperature of said (copoly- 
mer, and extruding the thus cooled mixture so as to form 
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a sheet. T m is the value measured at the apex of the 
melting peak obtained by a DSC (Differential Scanning 
Calorimeter) under a constant flow of nitrogen and by 
heating at a rate of 20°C/min. Preferably, the cooling 
step is at a temperature within the range of T m +5°C and 
T m -7°C. 

[001 5] According to one preferred aspect of the inven- 
tion, the foaming agent consists of a nitrogen and car- 
bon dioxide mixture, and the ratio of N 2 and C0 2 is set 
as a function of the degree of expansion and of the per- 
cent of open cells required forthe final sheet: by increas- 
ing the percent of C0 2 the percent of open cells within 
the structure is increased, and its density is reduced. 
[0016] According to a further aspect of the invention, 
the process also comprises a thermoforming step of the 
sheet in order to obtain trays or other products. In this 
step, a thermal treatment of the polymer may be carried 
out, to improve its mechanical properties and in partic- 
ular its resistance to heat deformation at temperatures 
higher than 50°C, and generally up to at least 60°C. 
[001 7] The product obtained by the process of the in- 
vention is new with respect to the prior art. In fact it 
makes no use of chemical foaming agents or chlo- 
rofluorohydrocarbons in that the agents used for foam- 
ing the product are only nitrogen, carbon dioxide or mix- 
tures thereof, and the agents still present within the 
product as residues from the foaming process, are only 
such gases. 

[0018] Therefore, it is an object of the invention a 
foamed product of lactic acid (co)polymers such as may 
be obtained by a process according to that described 
above. 

[0019] This product preferably has a percent of open 
cells, which depends on the quantity of C0 2 used in the 
foaming mixture, which may reach 90%. A preferred em- 
bodiment of the product are trays for food packaging, in 
particulartrays having a majority of closed cells for pack- 
aging dry food or food that does not release liquids, and 
trays having a majority of open cells for packaging food 
such as meat or fish, i.e. that releases serum or liquids. 
In trays for the packaging of meats or fish, an open cell 
percent of around 70-80% is desired. 
[0020] The invention provides many advantages with 
respect to the known art. . 

[0021] By using nitrogen and carbon dioxide, either 
alone or in combination, foamed polymers and the rel- 
evant containers formed therefrom have been obtained, 
surprisingly having mechanical characteristics which 
are comparable with those of the products in foamed 
plastics and superior to the mechanical characteristics 
of the rigid containers made from PLA and analogous 
(co)polymers of equal weight. Particularly, trays for use 
with meats may be obtained with the desired percent of 
open cells to ensure that any exuded liquids are ab- 
sorbed; differently from the known art, incisions, sheet 
perforation or skin removal steps are not required when 
manufacturing the tray. 

[0022] Furthermore, the invention allows avoiding 



4 

both the use of wetting additives (such as for example 
surfactants) and the use of chemical or physical foaming 
agents based on hydrocarbons or halogenated hydro- 
carbons; therefore, such additives and foaming agents 

5 are absent (even as residues) in the foamed product, 
thus allowing the manufacture of a tray based only on 
degradable natural materials, and produced from re- 
newable resources. The use of nitrogen and carbon di- 
oxide gases additionally avoids having to provide the 

10 manufacturing plants with the safety equipment other- 
wise necessary when hydrocarbons or chlorofluorohy- 
drocarbons are used as foaming agents. 
[0023] This results in a substantial saving over the 
production costs and in products which are more inert 

'5 with regard to the environment because the only foam- 
ing agents present in the foaming step are nitrogen and 
carbon dioxide (gases which are in the atmosphere). An 
additional advantage is that products with greater or 
lesser percents of open cells are obtained in a repro- 

?o ducible manner, as a function of the N 2 and C0 2 com- 
position of the gas injected into the extruder. 
[0024] Furthermore, by carrying out a thermal treat- 
ment of the sheet, a product with improved mechanical 
characteristics and less liable to deformation, even at 

^ temperatures greater than 60°C, is obtained. 

[0025] Moreover, the foamed polymer manufacturing 
process according to the invention does not require the 
addition of any piasticisers and, in the case an open cell 
structure is necessary, this may be obtained without re- 

( o sorting to high stretching ratios, and hence without de- 
stroying the cellular structure. 

[0026] The invention will now be disclosed in greater 
detail with reference to the drawings which are attached 
as non-limiting illustration, wherein: 

5 

- fig. 1 is a diagrammatic view of an extruder for the 
manufacture of foamed products according to the 
invention; 

- fig. 2 is a partial and longitudinal sectional view of 
0 the extrusion head and the calibration mandrel; 

- fig. 3 is a DSC graph of a foamed sheet of pure PLA; 
and 

- fig. 4 is a DSC graph of a foamed sheet of PLA in 
the presence of a crystallising additive. 

5 

[0027] The extruder 1 shown in fig. 1 comprises a 
gravimetric feeding system 2 with which the PLA (co) 
polymer is weighed. The feeder 2 is connected by 
means of conduit 3 to a dryer (not shown) where the 
3 polymer is dried prior to its extrusion to avoid hydrolysis 
phenomena. 

[0028] Suitable polymers are the homo- and co-poly- 
mers of lactic acid such as for example those described 
in the above cited documents EP-B-0507554 and EP-B- 
5 0510999 and in particular polymers with high molecular 
weight (Mn), preferably of at least 70,000 Daltons. Pref- 
erential polymers are those obtained by the formation 
of lactides and polymerisation thereof; as an example, 
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a particularly suitable polymer is PLA 2002D grade pro- 
duced by Cargili Dow with the trade name Nature Work. 
[0029] An additional gravimetric feeding system 4 is 
used for optional additives. The extrusion barrel is 
equipped with heating means for the accurate and con- 
stant thermoregulation of the process; such means are 
for example oil regulation units and electrically heating 
strips; this allows the temperature to be precisely adjust- 
ed during the steps of the process: melting the PLA, in- 
jection of the physical foaming agent, mixing, cooling 
and expansion upon exit from the extrusion head. 
[0030] Onto the extruding barrel are additionally pro- 
vided, downstream of the feeding devices 2 and 4, 
means 5 for feeding, i.e. injecting, gas into the molten 
polymer. The means for feeding nitrogen comprise a 
pressure reducer to set the gas to a pressure of approx. 
100 bar and a gauge and flow regulator; a pumping sys- 
tem which delivers liquid C0 2 at a pressure of approx. 
100 bar is preferably used for the carbon dioxide. Liquid 
C0 2 may thus be injected. 

[0031 ] Downstream of injection means 5 for the foam- 
ing gas, with respect to the direction of extrusion as 
shown by arrow F, there are positioned, in sequence, a 
heat exchanger 6, a static mixer 7, and an extrusion 
head 8. 

[0032] Fig. 3 schematically shows a detailed extru- 
sion head 8 and the related calibration mandrel 9 on 
which the foamed tubular sheet 10 slides after delivery 
from head 8 in order to be calibrated and cooled. Head 
8 is provided with an annular, i.e. circular, extrusion die 
1 1 ; the profile of the extrusion die is sized in such a way 
as to allow a pressure drop only within its end, just be- 
fore the exit, in order to prevent cells forming within the 
head. 

[0033] The calibration mandrel 9 calibrates the sheet 
(which is tubular) upon its delivery from the extruder and 
cools it as quickly as possible in order to give consist- 
ency to the foamed product and in order to avoid a col- 
lapsing of the cellular structure. With that aim, the cali- 
bration mandrel 9 is provided with a coil or similar heat 
exchange means 12 in which water at 5-10°C is circu- 
lated in order to cool the surface of the mandrel to about 
the same temperature. The ratio from the diameter of 
the extrusion die and the diameter of the calibration 
mandrel is preferably comprised within the interval be- 
tween 1 :2 and 1 :4. The calibration mandrel is positioned 
quite close to the exstrusion die so as to prevent the 
sheet from collapsing when leaving from the extrusion 
die. Said distance will be comprised within the range of 
50 and 200 mm for a round headed extruder with an 
extrusion die of approx. 50-60 mm. The extruder used 
is known in the extrusion foaming art for such a purpose. 
For example a suitable extruder is a twin-screw extrud- 
er, with L/D ratio 20:1, screw diameter 90 mm. 
[0034] The manufacturing process of the sheet of 
foamed PLA (co)poiymer envisages the following steps: 

a) heating the lactic acid (co)polymer to a temper- 



to 



15 



20 



25 



30 



ature sufficient to melt it: this step is carried out in 
the first part of the barrel, which is located between 
inlet 2a of the feeding device to the barrel and the 
gas injection means 5, at a temperature that, in the 
case of PLA, is within the range of 150 to 200°C, 
preferably between 190 and 200°C and that more 
preferably is 190-195°C; 

b) feeding by means 5 the foaming agent(s) to the 
molten (co)polymer: this step is carried out at a tem- 
perature which is close to that of the preceding step 
and in any case before the following cooling step; 

c) cooling and maintaining the mixture of foaming 
agent and (co)polymer at a temperature comprised 
within the interval between T m +1 0°C and T m -30°C, 
wherein T m is the melting temperature of said (co) 
polymer. Preferably the cooling temperature is with- 
in the range of T m +5°C to T m -1 0°C, and more pref- 
erably of T m+ 5°C to T m -7°C, wherein T m is the melt- 
ing temperature of the (co)polymer measured as 
the apex of the relative peak obtained by DSC under 
a constant flow of nitrogen and by heating at a rate 
of 20°C/min. In the case of PLA, T m is 150°C and 
the temperature of the cooling area is within the 
range of 155 to 143°C; this step involves the extrud- 
er barrel area that goes from immediately down- 
stream of injection means 5 and just upstream of 
extrusion head 8; 

d) extruding the mixture to form a sheet 10 and 

e) cooling the extruded sheet on calibration mandrel 

9. 



[0035] By following the above disclosed process, 
foamed sheets are obtained with good mechanical char- 
acteristics and a homogeneous cell distribution. The 
35 cells dimensions were found to be within the range of 
approx. 200 to approx. 600 microns, according to the 
extrusion parameters. 

[0036] It was noticed that the percent of open cells 
within the final sheet may be controlled by using a mix- 
40 ture of the two foaming agents and by acting on the 
quantity of C0 2 present. More particularly, the quantity 
of N 2 used is comprised between 0.1 and 0.4% by 
weight over the total solids and the quantity of C0 2 used 
is comprised between 0.3 and 2.0% by weight over the 
« total solids; it was observed that with only N 2 predomi- 
nantly closed cells are obtained and with only C0 2 pre- 
dominantly open cells and lower density are obtained. 
[0037] The extruded tubular sheet is set and cooled 
on the calibration mandrel which, as mentioned provi- 
so ously, has a diameter of two to four times the diameter 
of the extrusion die, in order to slightly stretching the 
extruded product. The cooled sheet is then cut and 
rolled up in a known way and then thermoformed into 
the desired products. 
55 [0038] The process additionally envisages the possi- 
bility of carrying out an additional thermal treatment step 
of the essentially amorphous foamed sheet obtained fol- 
lowing extrusion, with the aim of increasing the resist- 
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ance to heat deformation. Such a step is carried out in 
the thermoforming process. 

[0039] Two ways to achieve this result have been 
identified. 

[0040] In a first method a double mould is used where- 5 
in the first part is heated and the second is cooled. The 
sheet is shaped in the hot part and is subsequently 
transferred into the cold part for its stabilisation. The 
heating oven, which is 8 times the length of the forward 
step of the sheet, is maintained at a temperature within 10 
the range of 90 °C and 170°C, the hot mould is main- 
tained at a temperature comprised within the interval be- 
tween 100°C and 130 °C and the cycle time is com- 
prised within the interval between 4 and 9 seconds. Pref- 
erably, the oven temperature is within the range of 15 
150°Cto 165°C, and more preferably of approx. 160°C. 
The heating temperature of the mould is close to that in 
which the crystallisation kinetics is maximal and in the 
case of polylactic acid is within the range of 100°C to 
150°C and preferably of 125°C ± 5°C. The cycle time, 20 
i.e. the heating time in the hot mould, is within the range 
between 4 and 9 seconds and more preferably is 6 sec- 
onds and results in an at least partial crystallisation of 
the foamed product. The sheet thus treated and shaped, 
is then cooled and stabilized with the cold mould. 25 
[0041] Alternatively, the sheet is heated only in the ov- 
en, to a temperature of abount 200°C, markedly higher 
than that used in a normal PLA thermoforming process, 
for a time that is sufficient to bring the sheet to a tem- 
perature that is close to that of crystallisation and is such 30 
as to allow at least partial crystallisation of the product; 
the treated sheet is then directly moulded in a cold 
mould. 

[0042] In both methods, the use of crystallising agents 
such as Masterbatch NAS320-S manufactured by SU- 35 
KANO, added to the raw materials, may be of some help 
in the extrusion process. 

Example 

40 

1. Extrusion. 

[0043] A Dow Cargill polylactic acid polymer "Nature 
Work- grade 2002D and free from plasticisers, was fed 
to a twin screw extruder with UD ratio 20:1 , screw di- 45 
ameter 90 mm and throughput loading capacity 90Kg/ 
h. The polymer was melted within the first part of the 
extruder maintained at 190-195°C; then, a mixture of ni- 
trogen and carbon dioxide was added to the polymer, 
wherein the quantity of added nitrogen was calculated' so 
to be 0.15% by weight on the solids and the quantity of 
carbon dioxide was calculated to be 0.5% by weight on 
the solids. The polymer, added with the foaming agents, 
was subsequently cooled in the second part of the ex- 
truder maintained at 143°C and extruded with a circular 55 
extrusion die. The extruded tubular sheet was set and 
cooled on a calibration mandrel with a stretching ratio 
of 1:3.2 maintained at approx. 10°C and subsequently 



cut and wound up. A sheet having density 350 kg/m 3 
and a percent of open cells of 65% was obtained. 

2. Extrusion. 

[0044] A Dow Cargill polylactic acid polymer "Nature 
Work" grade 2002D and free from plasticisers, was fed 
to a twin screw extruder with UD ratio 20:1, screw di- 
ameter 90 mm and throughput capacity 90Kg/h. 
[0045] The polymer was melted within the first part of 
the extruder maintained at 190-195°C, nitrogen in a 
quantity equal to 0.15% by weight on the solids, was 
subsequently added to the polymer. The polymer, added 
with the foaming agent, was then cooled in the second 
part of the extruder maintained at 143°C and extruded 
with a circular extrusion die. The extruded tubular sheet 
was set and cooled on a calibration mandrel with a 
stretching ratio of 1 :3.2 maintained at approx. 10°C and 
subsequently cut and wound up. A sheet having density 
400 kg/m 3 and a percent of open cells of less than 25% 
was obtained. 

3. Thermoforming. 

[0046] The sheet obtained in the above examples was 
thermoformed by heating in an oven at 160°C and then 
by shaping it in the heated part of a double mould, at a 
temperature of 125°C, for 6 seconds. The sheet shaped 
in the hot part was subsequently transferred to the cold 
part of the double mould for stabilisation. 
[0047] The above example was repeated by varying 
the process parameters and in some cases adding a 
crystallising agent. 

[0048] Several, thermal treatment tests were carried 
out according to what above mentioned, and foamed 
PLA trays with optimal resistance to heat deformation 
were obtained. The deformation tests included the ex- 
posure of the thermally treated tray to a temperature of 
55, 60, 65 and 70 °C in an oven for a time necessary to 
reach the equilibrium temperature, time fixed at two min- 
utes. With the normal thermoforming process (oven 
temperature range within 100°C to 150°C and single 
cold mould) the maximum temperature the trays could 
be heated at without deformations was 55°C, whilst all 
the trays treated as above were found to be resistant to 
deformation at 60°C; following treatment in the hot 
mould at approx. 125°C for six seconds, trays resistant 
to deformation in an oven at 70°C were obtained. 
[0049] Figures 3 and 4 show the DSC graphs of two 
foamed products. It is to be noted that one of the prod- 
ucts has crystallisation and melting peaks (10 J/g, 13 J/ 
g) that are markedly higher with respect to the other (3 
7 J/g); this shows that the presence of the crystal- 
lising agent, added as an additive, in this product con- 
siderably increases the crystallisation kinetics. 
[0050] The trays obtained and provided with open 
cells, have shown themselves to be able to absorb the 
liquid released from the meat packaged in them. This 
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property has been verified with a series of tests which 
have also taken into consideration the weight drop of 
the packaged product following the loss of serum, which 
has increased the weight of the tray and has been com- 
pletely absorbed by the same. 
[0051] An embodiment of the invention envisages 
laminating the tray with a film of PLA or equivalent non 
foamed (co)polymer; the film is applied to the outer side 
if the tray is intended to contain meat or an analogous 
product, the secretions of which must be absorbed by 
the open cell structure of the tray. The film applied to the 
inside will allow forming a barrier package by welding a 
PLA film to the tray. 
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A process for the production of degradable foamed 
lactic acid (co)polymer based products, wherein 
said (co)polymers are foamed by extrusion in the 20 
presence of a foaming agent, characterised in that 
said foaming agent is selected from nitrogen, car- 
bon dioxide and mixtures thereof. 

The process according to claim 1, characterised 25 
in that it comprises the steps of: heating said lactic 
acid (co)polymers to a temperature sufficient to melt 
them, feeding to and mixing said foaming agent(s) 
with the molten (co)polymer, cooling the foaming 
agent and (co)polymer mixture to a temperature 30 
within the range of T m +10°C and T m -30°C, wherein- 
T m is the melting temperature of said (co)polymer, 
and extruding the mixture to form a sheet. 

The process according to claim 1 or 2, wherein 0. 1 35 
to 0.4% nitrogen, by weight on the solids; 0.3 to 2% 
carbon dioxide, by weight on the solids; or mixtures 
thereof are used as foaming gas. 

The process according to claim 1 or 2, character- 40 
ised in that said (co)polymer is extruded from a cir- 
cular extrusion die and the extruded sheet is cooled 
on circular cross section cooling mandrel placed in 
close proximity to said extrusion die. 

45 

The process according to any previous claim, fur- 
thermore comprising a thermoforming step of the 
foamed sheet, characterised in that said sheet is 
heated and shaped in a hot mould at a temperature 
within the range of 1 00 to 1 50 °C and with a cycle so 
time within the range of 4 to 9 seconds and in that 
the thus treated sheet is shaped in a cold mould. 

The process according to any previous claim, fur- 
thermore comprising a thermoforming step of the 55 
foamed sheet, characterised in that said sheet is 
heated in an oven at a temperature of 190-200°C 
and in that the thus treated sheet is shaped in a 



7. A product of foamed lactic acid (co)polymers as ob- 
tainable with a process according to any previous 
claim, characterised in that it comprises foaming 
agents or residues thereof, which are selected only 
from nitrogen, carbon dioxide and mixtures thereof. 

8. The product according to claim 7, characterised in 
that it has a percent of open ceils within the range 
of 10% to 90%. . 

9. The product according to claims 7 or 8, in the form 
of a tray, as obtainable according to the process of 
claims 5 or 6, characterised in that it is resistant 
to deformation at temperatures of at least 60°C. 

10. The product according to any claim 7 to 9, charac- 
terised in that it comprises a layer of lactic acid (co) 
polymer film applied to at least a part thereof. 

11. A plant for lactic acid (co)polymers extrusion foam- 
ing for carrying out the process according to any 
claim 1 to 6, comprising an extruder, means for 
feeding the polymers to be extruded and means for 
feeding the foaming agents, characterised in that 
said extruder has a circular extrusion die and that 
said means of supplying the foaming agents are 
means for supplying gaseous nitrogen, carbon di- 
oxide and mixtures thereof. 

12. A plant for thermoforming foamed products of lactic 
acid (co)polymers, characterised in that it com- 
prises a double thermoforming mould wherein the 
first part is heated and the second is cooled. 

13. The use of a plant according to claim 11 or claim 12 
for the manufacture of foamed products of lactic ac- 
id (co)polymers. 
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